The existence of four subpopulations in resting porcine T lymphocytes is documented. In addition to the two known subpopulations which are typified by a mutually exclusive expression of either the CD8 or the CD4 differentiation antigen, CD4-CD8' and CD4+CD8-T lymphocytes, respectively, two unusual subpopulations were prominent not only in peripheral blood, but also in lymphoid tissues: CD4-CD8-T lymphocytes expressing neither of these antigens and CD4+CD8+ T lymphocytes coexpressing both antigens. While CD4+CD8+ lymphoblasts have been found also in other species, resting T lymphocytes with that phenotype are without precedent among all species analyzed to date. This unique composition of the porcine T lymphocyte population has to be taken into consideration when the swine is used as a large animal model in experimental medicine.
Introduction
The swine is important in experimental medicine by serving as a large animal model in transplantation surgery, in pharmacology, and for the study of pathogenesis in infectious diseases [I, 21. Only recently were the porcine CD8 [3-51 and CD4 [3, 51 lymphocyte differentiation markers identified with monoclonal antibodies (mAb). Studies in several other species concurred in the conclusion that the expression of CD4 and CD8 cell surface glycoproteins is mutually exclusive in resting peripheral T lymphocytes and defines two functional subsets, MHC class II-restricted T lymphocytes predominantly associated with helper function and MHC class I-restricted T lymphocytes mainly performing cytolytic function, TH and Tc, respectively [6, 71 . There is increasing evidence that CD4 and CD8 glycoproteins are directly involved as accessory molecules in the molecular complex formed during the recognition of antigens (reviewed in [S]). Simultaneous expression of both markers would therefore raise principal questions regarding restriction specificity and function.
Studying the phenotype of miniature swine peripheral blood T lymphocytes, Pescovitz, Lunney and Sachs noted the existence of a CD4+CD8+ subpopulation [S]. Human T lymphocytes with that phenotype were found in a low proportion in peripheral blood, and were identified as activated, blast-like cells [9] . It could be demonstrated that CD4'CDS-human species, it could be suspected that the presence of a porcine CD4+CD8+ subset also just reflects activation. If that would be the case, the immune system of the swine would not be exceptional.
In a previous communication [12] we have defined a novel porcine T lymphocyte differentiation antigen expressed by resting T lymphocytes of either subset and down-regulated upon activation. This marker, referred to as 8/1, could now be employed as an independent means for judging the activation state of T lymphocytes. We demonstrate that porcine CD4+CD8+ cells constitute a major subset of 8/1+, i.e. resting T lymphocytes in peripheral blood and also in lymphoid tissues. In this respect the immune system of the swine is unique and contributes new information to basic immunology.
Materials and methods

Cell separation procedures
Mononuclear leukocytes were isolated by Lymphoprep (Nyegaard, Oslo, Norway) density gradient centrifugation of heparinized peripheral blood derived from adult (6-8-monthold) domestic swines, race Deutsches Landschwein. Suspensions of thymocytes, splenocytes and lymph node cells were purified accordingly. T lymphocytes were enriched to a purity of > 98% by passage through nylon wool columns.
Generation of lymphoblasts in the mixed leukocyte reaction ( M W
Nylon wool-purified peripheral blood T lymphocytes (2 x lo5/ microculture) were cultivated for 8 days along with 2 x lo5 30-Gy y-irradiated allogeneic mononuclear leukocytes [ 121.
mAb and antisera
The murine mAb 295/33 (anti-CD8, IgGa,,x) and 8/1 (anti-8/1, IgGZb,x) were established as described before [4, Laboratories, Burlingame, CA) and FITC-conjugated streptavidin (Jackson Laboratories). Purification of mAb and conjugation with biotin was done as described before [12] . g .-2 g essentially as described before [12] .
Labeling and measurement artefacts were excluded as follows: (a) to compensate the overlap of the emission spectra of FITC and PE, the amplifier was adjusted so that by analyzing a mixture of cells labeled with either FITC or PE, the fluores- Staining of CD4 and CD8 molecules on porcine thymocytes led to the detection of four subpopulations by two-color FMF analysis (Fig. 1) . A major subpopulation expressed both markers simultaneously (CD4+CD8+, 59% in this individual), while minor subpopulations expressed either marker exclusively (CD4-CD8+, 11% ; and CD4+CD8-, 11 %) or expressed neither (CD4-CD8-, 19%). This marker distribution profile is similar to that found with the analogous murine CD4 (L3T4) and CD8 (Lyt-2) and human CD4 (T4) and CD8 (T8) markers in murine [13] and human [14] thymocytes, respectively. 
Selective analysis of resting peripheral blood T lymphocytes
Nylon wool purification and electronic gating were combined to achieve the selective analysis of resting T lymphocytes (Fig. 2) . The scatter plots (first row) show the composition of the cell population before (left) and after (right) nylon wool purification with regard to physical properties defined by forward and right-angle light scatter. After purification, the electronic gate was set to exclude monocytes and lymphoblasts from the analysis. Control of the purity by single-color FMF (compare left and right column) demonstrated the depletion of Ig-bearing B lymphocytes (second row), and also the exclusion of monocytes (third row). All cells expressed the 8/1 antigen (fourth row). Thus, lymphocytes that entered the two-color FMF analysis were characterized as resting T lymphocytes by physical and serological criteria.
Four subpopulations of porcine T lymphocytes 
Four subpopulations of resting porcine peripheral blood T
Resting T lymphocytes were purified as outlined in Fig. 2 and were then subjected to two-color FMF analysis for the detection of CD4 and CD8 antigens (Fig. 3) . Four subpopulations could be discriminated in porcine T lymphocytes. In addition to the expected subpopulations CD4-CD8' (30% in this individual) and CD4+CD8-(12%), double-negative CD4-CD8-(15%) and double-positive CD4+CD8' (43%) subpopulations were prominent. The CD4-CD8' subpopulation could be further subdivided by means of low (peak intensity at ordinate channel no. 38) and high (peak intensity at ordinate channel1 no. 55) expression of the CD8 antigen. In the double-positive subset, the expression of CD8 (peak intensity at ordinate channel no. 37) corresponded to that of the CD4-CD8' low subpopulation.
By collecting a random sample of 12 outbred individuals, the existence of four porcine T lymphocyte subpopulations could be confirmed (Fig. 4) . The variance in the proportions was pronounced in the double-positive (8-64%) and double-negative (2-52%) subsets and appeared to be inversely related, while the proportion of CD4-CD8' T lymphocytes was almost constant (21-39%). Variation in the proportions of T lymphocyte subpopulations. Peripheral blood T lymphocytes derived from 12 swines, randomly selected during a period of 2 years, were purified as detained in Fig. 2 and analyzed for the expression of CD4 and CD8 antigens as exemplified in Fig. 3 for swine no. 11. The individuals were signified with rank numbers according to increasing percentages of doublepositive T lymphocytes.
lymphocytes derived from spleen, mesenteric lymph nodes and tonsils were subjected to two-color FMF analysis (Fig. 5) .
In essence, all four subpopulations known from the analysis of peripheral blood T lymphocytes were also detectable in lymphoid tissues. Specifically, in this individual (swine no. 3), double-negative cells were most frequent in spleen (63%), while the classical subsets CD4-CD8' (25%) and CD4+CD8-(39%) dominated the mesenteric lymph nodes, but were almost absent (14% and 6% , respectively) from tonsils.
Demonstration of four T lymphocyte subpopulations in lymphoid tissues
To test whether double-negative and double-positive lymphocytes also reside in lymphoid tissues, nylon wool-purified T Figure 5 . Proportions of subpopulations in T lymphocytes derived from different lymphoid tissues. Fifty thousand nylon wool-purified T lymphocytes from spleen, mesenteric lymph nodes and tonsils of swine no. 3 were analyzed. 
CD4-
CD4'CDS' during an allogeneic MLR
Eur. J. Immunol. 1987 Immunol. .17: 1297 Immunol. -1301 To determine the phenotype of specifically sensitized T lymphoblasts, T lymphocytes (Fig. 6A) were stimulated in an allogeneic MLR. In the effector stage the electronic gate was either set on resting lymphocytes that had not participated in the reaction (Fig. 6B) or on lymphoblasts characterized physically by the position in the scatter plot (Fig. 6C) . Two Figure 6 . Coexpression of CD4 and CD8 antigens on activated T lymphocytes. Two-color FMF analysis of nylon wool-purified peripheral blood T lymphocytes of swine no. 2 before (A) and after in vitro activation in the MLR (B, C). The angles in the scatter plots demarkate the electronic gate, which was set on resting lymphocytes in (A) and (B), and on lymphoblasts in (C). Each analysis was performed with 50000 cells.
Discussion
Our study has revealed the regular presence of the unusual phenotypes CD4-CD8-and CD4+CD8+ among resting porcine T lymphocytes.
It has been proposed that during thymic ontogeny CD4-CD8-precursor cells differentiate into CD4+CD8+ thymocytes, which, upon further differentiation, lose either CD4 or CD8 giving rise to the mature phenotypes CD4-CD8' and CD4+CD8- [6, 151. In the mouse, an extrathymic presence of double-negative T lymphocytes appears to be associated with defective differentiation [16, 171. Lanier and colleagues [18] have shown that up to 23% of human blood lymphocytes derived from normal donors can comprise CD3TD4-CD8-T lymphocytes. In sheep T lymphocytes, Mackay et al. [19] identified a third subpopulation, which is characterized as CD4-CD8-and positive for the expression of a novel differentiation antigen, referred to as SBU-T19. This subpopulation makes up 6-29% of peripheral blood lymphocytes, but only 1-6% of lymph node lymphocytes, interpreted as being in transit through the node rather than resident. In this respect, the findings in sheep markedly differ from the situation in swine, where double-negative lymphocytes are a prominent population in spleen, mesenteric lymph nodes and tonsils.
Another difference between the immune systems of swine and sheep is the absence of a CD4+CD8+ subpopulation in sheep T lymphocytes [19] .
In human peripheral blood T lymphocytes, Blue and colleagues detected 0.5-8% CD4+CD8' lymphoblasts [9] . This finding suggested that the 6-15% of CD4+CD8+ T lymphocytes detected previously in the peripheral blood of miniature swines [5] may also have been lymphoblasts. We have taken care to discriminate clearly between resting and activated lymphocytes by employing scatter plot position and expression of the differentiation marker 8/1 [12] as criteria. Our data add to previous knowledge the important information that porcine CD4 and CD8 antigens are regularly coexpressed on a significant proportion (8-64%) of the small, resting peripheral T lymphocytes.
So far, we and other investigators have not been able to ascribe a specific function to this unusual subpopulation. In murine CD4+CD8+ clones, the CD8 molecules were found to be expressed as Lyt-2 homodimers, which did not participate in antigen recognition that was class I1 restricted and involved only the CD4 molecule [20] . It is questionable, however, whether these rare murine clones are representative of doubleexpressing T lymphocytes in general.
The genealogy of the porcine peripheral CD4+CD8+ T lymphocytes is unknown. Two alternatives can be considered. First, these cells could represent immature precursors emigrated from the thymus without prior differentiation. Second, these cells could represent memory T helper lymphocytes that have acquired the CD8 antigen upon prior sensitization, but did not lose CD8 after reversion to small lymphocytes. Sorting of double-expressing T lymphocytes derived from specifically primed swines followed by specific in vitro restimulation assays should enable differentiation between these alternatives.
